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1. Introduction
The anatomical definition of a joint (articulation) is the location where two or more bones, or
any rigid parts of the skeleton, connect with each other. It forms a mechanical support to the
skeleton and allows a variety of movements in different ranges between the rigid skeletal
elements. Some joints, such as the sutures between cranial bones, allow very little or no
movement. Other joints, such as the shoulder and hip joints, allow free movement in a large
range [1].
2. Joint classification
Joints differ from each other by their tissue formation, function, structure, and movement.
2.1. Types of joints by tissue formation
When the articulating bones are connected, the connection may mainly involve three types of
tissues – fibers, cartilages, or synovial membrane. Therefore, joints are generally classified
according to these three tissues.
The fibrous joints are united by dense connective fibers such as the sutures between cranial
bones, the interosseous membrane in the forearm, and the socket articulation between the root
of the tooth and the alveolar processes of the maxilla and the mandible. The interosseous
membrane allows movement between the two articulating bones. This type of fibrous joint is
classified as “syndesmoses” (discussed below). The root of the tooth and its alveolar process
associate in a manner similar to how a cone-shaped peg fits into a socket. There is very little
room to move in this type of joint, which is defined as “gomphosis”.
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The cartilaginous joints have cartilage in between articulating bones to form a cartilaginous
plate or disc. An example of a primary cartilaginous joint is the epiphyseal plate of a long bone,
which disappears after puberty. An example of a secondary cartilaginous joint is the interver‐
tebral disc between each vertebra.
The synovial joint is also called the “diarthrodial joint” and is formed by three basic compo‐
nents – the joint cavity, the joint (articular) cartilage which covers the surfaces of articulating
bones, and the joint capsule which is composed of a synovial membrane layer lining up the
joint cavity and a fibrous layer outside the synovial membrane. In addition, a synovial joint
may have ligaments that form a portion of the fibrous joint capsule or ligaments that exist
inside the joint capsule (Figure 1). Cartilaginous discs, such as the menisci in the knee joint,
may also be found inside the joint cavity.
Figure 1. An illustration of the shoulder joint shows that the synovial membrane (red) lines the inner surface of the
fibrous capsule. The joint/synovial cavity is marked in black. The tendon of the long head of the biceps passes through
the joint and is enclosed in a tubular sheath of synovial membrane, which is continued around the tendon into the
intertubercular sulcus as far as the surgical neck of the humerus.
2.2. Types of joints by tissue formation and mobility
Synarthroses joint: A fibrous type of joint that allows very little or no movement under normal
conditions. If a joint is formed with an intervening tissue (fibrous connective tissue, cartilage,
or bone) in between the two joint forming elements, it is a “synarthroses” joint. This type of
Osteoarthritis - Progress in Basic Research and Treatment4
joint usually has limited mobility. The above mentioned suture joints between cranial bones
and the gomphosis are synarthroses joints.
Diarthroses joint: If a joint has a space in between the two joint forming elements, it is a
“diarthroses” joint. Synovial joints are diathroses joints and their mobility varies in a large
range.
Synostoses joint: This term is used to define when two bones fuse with each other under either
normal or abnormal conditions. Normally, cranial bones fuse together when a child reaches
adulthood, or when the diaphysis and epiphysis fuses in puberty. Abnormal fusion of bones
may occur too early in development such as the early fusion of cranial bones (craniostenosis)
or when bones are abnormally joined together such as the synostosis of the cervical vertebrae.
Syndesmoses joint: It refers to fibrous joints containing either an interosseous membrane or a
ligament that allows movement. The distal tibiofibular joint is a typical syndesmosis joint.
Synchondroses joint: A cartilaginous joint containing a hyaline cartilage in between the two
joined bones. The primary cartilaginous joint with an epiphyseal plate between the epiphysis
and the diaphysis of a long bone is a typical synchondrosis joint. The joint between the first
rib and the sternum (not including any other ribs) is also a synchondroses joint. However, the
intervertebral discs are not considered synchondroses joints because they are composed of
fibrous cartilage. They, along with the joint between the pubic bones, are instead referred to
as “symphysis” joints.
2.3. Types of joints categorized by structure and movement.
Joints develop into different physical forms. As a result, the structural formation of a joint
determines its movement. There are six types of joints in this category and they are all synovial
joints (Figure 2).
Pivot type: A round bony process fits into a bony groove permitting rotation. For example, the
atlanto-axial joint (between C1 and the Dens of C2 vertebrae).
Ball and socket type: A ball shaped bony head fits into a concavity allowing movement in
several axes. The glenohumeral (shoulder) and hip joints are ball and socket type joints.
Plane type: The joint surfaces of both bones are flat against each other. Gliding action in one
direction (uniaxial) can happen in this type of joint, for example, the acromioclavicular joint.
Hinge type: A joint forms like a door hinge allowing only one direction (uniaxial) movement,
for example, the elbow joint.
Saddle type: The opposing articular surfaces are both saddle shaped. As a result, this type of
joint can move in two directions (biaxial), for example, the carpometacarpal joint of the thumb.
Condyloid type: A rounded bony prominence of one bone articulates with a shallow inden‐
tation of another bone. This type joint allows two direction (biaxial) movement as well as
circumduction, for example, the metacarpophalangeal joints.
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3. Cartilage associated with joints
Cartilage is a semi-rigid type of connective tissue composed of cells called chondrocytes and
a large amount (>95%) of specialized extracellular matrix. Chondrocytes are scattered among
the matrix and located in spaces called “lacunae”.
A primary cartilaginous joint (synchondroses) such as the epiphyseal plate contains hyaline
cartilage. The secondary cartilaginous joints (symphyses) such as the intervertebral discs
contain fibrous cartilage. In synovial joints, a layer of hyaline cartilage “caps” the articulating
surfaces of each joint-forming bone. This particular cartilage is called “articular cartilage”.
Articular cartilage provides smooth, low-friction, gliding surfaces for free movement. It also
absorbs mechanical impacts placed on the articulating bones [1].
Figure 2. Diagrammatic illustrations show the structural features of six different types of human joints.
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Cartilage is usually covered on its external surface by a thin layer of connective tissue named
“perichondrium”. However, perichondrium does not cover articular cartilage, the epiphyseal
plate, and cartilage immediately under the skin such as the cartilage at the ear and nose.
Based on the characteristics of its matrix, cartilage is classified as the following and each type
has its own different appearance and mechanical property [2].
3.1. Hyaline cartilage
Hyaline cartilage is named such because of the glassy (transparent) appearance of its matrix
in living state. The matrix contains predominantly water (60-80%), with type II collagen fibers
(~15%), chondroitin sulfate proteoglycan aggregates (~9%), and adhesive non-collagen
glycoproteins (~5%) [2]. The highly hydrated matrix is due to the high content of proteoglycans,
which allows water molecules to bind and stay. The hydrated matrix permits diffusion of small
metabolites and nutrients as well as providing resilience to mechanical pressures during
weight bearing. The matrix is made by the chondrocytes, which continuously remodel the
matrix throughout life in response to mechanical, chemical, and biological signals. However,
as the body ages, this remodeling process slows down or stops, resulting in degradation that
surpasses synthesis. This is particularly the case in articular cartilage located in synovial joints.
3.2. Fibrocartilage
Fibrocartilage is a combination of hyaline cartilage and dense regular connective tissue [2].
The chondrocytes in fibrous cartilage appear similar to those in the hyaline cartilage. These
cells make various amounts of type I and type II collagen fibers resulting in different propor‐
tions of type I and type II collagen in fibrocartilages at different regions of the body. Fibrocar‐
tilage can be found in intervertebral discs, pubic symphysis, articular discs inside several joint
cavities, and the menisci in the knee joint. There is no perichondrium surrounding the
fibrocartilages in these regions. Fibrocartilage functions much like a shock absorber for joints.
3.3. Elastic cartilage
Elastic cartilage is characterized by hyaline cartilage containing elastic fibers with the presence
of elastin in its matrix. This type of cartilage is found mainly in the external ear, the wall of
external acoustic meatus, the auditory (Eustachian) tube, and the epiglottis of the larynx [2].
4. Definition, structure, and function of joint tissues
4.1. Articular cartilage
Articular cartilage is a highly specialized viscoelastic hyaline cartilage that is found overlying
the bone ends in synovial joints and forming the joint surface [3,4]. Articular cartilage has all
the characteristics of hyaline cartilage with some additional features of its own.
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Human articular cartilage is normally 2-4 mm thick and does not have a perichondrium on
either the surface side that faces the joint cavity or the deep side that connects to the bone [3].
It has a limited intrinsic capacity to heal and repair, and is closely related to joint health.
From the joint surface to subchondral bone, a cross section of articular cartilage can be divided
into four zones under the microscope (Figure 3).
Figure 3. Illustrations showing the zonal features of human articular cartilage and subchondral bone. Left panel (chon‐
drocyte organization): The superficial zone chondrocytes are small and flattened, which are orientated parallel to the
joint surface. The middle zone chondrocytes are rounded and oriented randomly. The deep zone chondrocytes are
grouped in columns or clusters. Right panel: Collagen orientation in articular cartilage. In the superficial (tangential)
zone, small and medium-sized collagen fibrils aggregate into bundles that are aligned parallel to the joint surface. In
the middle and deep zones, collagen fibrils aggregate into larger bundles and are aligned more perpendicular to the
joint surface.
The superficial (tangential) zone contains numerous elongated and flattened chondrocytes.
These cells are surrounded by dense type II collagen fibril fascicles arranged parallel to the
surface [2]. This zone occupies 10-20% of the articular cartilage’s thickness and is in contact
with synovial fluid. It bears sheer, tensile, and compressive forces imposed on the articular
surface [3].
The intermediate (middle or transitional) zone is deep to the superficial zone and contains
randomly distributed round chondrocytes. Collagen fibers are generally organized in an
oblique orientation to the surface. It occupies 40-60% of the thickness of articular cartilage and
mainly resists compressive forces.
The deep (radial) zone has round chondrocytes arranged in short columns perpendicular to
the joint surface. Collagen fibers located between cell columns are thick and are generally
perpendicular to the joint surface. The proteoglycan content is the highest among all the zones
while water concentration is low. It occupies about 30% of the thickness of articular cartilage
and provides additional resistance to compressive forces [5,6].
The calcified zone contains a small amount of chondrocytes and a large amount of calcified
matrix. A smooth and heavily calcified line called the “tidemark” separates this zone from the
deep zone. The primary role of the calcified zone is to firmly secure articular cartilage to
subchondral bone. This highly organized structure is responsible for the unique mechanical
properties of articular cartilage.
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In addition to the histologically defined zones, the matrix distribution of articular cartilage is
distinguished in three regions [3].
The pericellular matrix is a thin layer adjacent to the cell membrane completely surrounding
the chondrocyte. It contains mainly proteoglycans, glycoproteins, and other noncollagenous
proteins. This matrix region may function to initiate signal transduction within cartilage.
The territorial matrix is thicker and surrounds the pericellular matrix. It is composed mostly
of fine collagen fibrils that form a network around the cells. This region may protect the
cartilage cells against mechanical stresses when there are substantial forces loaded.
The interterritorial region is the largest and refers to the collagen fibrils arranged parallel to
the surface in the superficial zone, obliquely in the middle zone, and perpendicular in the deep
zone. It contributes the most to the biomechanical properties of articular cartilage. The
extracellular matrix accounts for approximately 95% of the dry weight of articular cartilage [4].
The primary macromolecule found in articular cartilage is type II collagen, which represents
90-95% of the total collagen content. The remaining are collagen types I, IV, V, VI, IX, and XI.
The second largest group of macromolecules is proteoglycans which consist of a protein core
with covalently linked glycosaminoglycan chains (GAGs). The main proteoglycans found in
articular cartilage include aggrecan, decorin, biglycan and fibromodulin with aggrecan being
the most abundant. Negatively charged carboxyl and sulfate groups found on these GAGs,
namely keratin sulfate and chondroitin sulfate, have a high affinity for water [2,3].
The renewal process of mature articular cartilage is very slow due to the stable type II collagen
structure and the long half-life of GAGs. The matrix degrading enzyme metalloproteinase
activity is also low [2,3].
4.2. Synovial membrane (synovium)
Synovial membrane is the inner layer of the joint capsule facing the joint cavity and synovial
fluid. The synovium lines the joint cavity producing synovial fluid that lubricates the joint
surfaces and provides nutrition to the articular cartilage [7]. The synovial membrane is
composed of two layers; the surface layer consisting of one or two layers of synovial cells and
the underlying connective tissue layer.
There  are  two  types  of  synovial  cells.  Type  A  synovial  cells  are  macrophage-like  cells
whereas type B cells are fibroblast-like. These cells secrete hyaluronic acid and glycoprotein
molecules,  which  are  part  of  the  synovial  fluid  lubricating  the  joint  surfaces.  There  is
no  basal  lamina  separating  the  synovial  cells  from  the  underlying  connective  tissue.
This  connective  tissue  contains  a  rich  network  of  fenestrated  capillaries,  which  allow
plasma to  flow out  of  blood  circulation  and  enter  the  joint  cavity.  The  filtered  plasma
content  combines  with  hyaluronic  acid,  glycoproteins,  and  leukocytes  becoming  the
synovial  fluid  [8,9].  Normal  synovial  fluid  appears  clear  to  pale  yellow  in  color,
transparent,  and  contains  less  than  200  white  blood  cells/µl  [10].
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4.3. Joint capsule
The joint capsule is essential to the proper function of synovial joints. It forms the seal that
contains synovial fluid within the joint, imparts passive stability by limiting joint movement,
and provides active stability via its proprioceptive nerve endings [11]. It is composed of
collagen fibers that are firmly adhered to bone through a fibrocartilaginous attachment.
Localized thickenings of the capsule form capsular ligaments that provide strong points of
fixation to bone. Tendons commonly attach to the joint capsule and occasionally replace it as
is the case with the quadriceps and patellar tendons in the anterior knee. Blood vessels and
nerves pass through the joint capsule supplying both the capsule and the underlying synovi‐
um. Nerve endings in the joint capsule are thought to be proprioceptive and play an important
role in the active protection of the capsule and associated ligaments by reflex control of the
appropriate musculature [11].
4.4. Tendon
Tendon is a tough band of fibrous connective tissue that usually connects muscle to bone.
Tendons are mainly composed of type I collagen fibers arranged in fascicles and bands.
Proteoglycans are primarily responsible for holding the collagen fibrils together. Specialized
fibroblast cells called “tenocytes” exist in tendons and are responsible for collagen synthesis
in tendon. Tendon is surrounded by a loose connective tissue layer called “peritendineum”,
which blends with the periosteum when the tendon attaches to the bone [12-14].
At the site of tendon insertion, parallel collagen fibers penetrate through the periosteum and
insert into the mineralized fibrocartilage zone of the bone. Elastic fibers function to prevent
overstretching and cartilage cells function to resist transverse shortening at the tendon
insertion site [15].
Tendons contain some, but not many blood vessels. Enhanced physical activity can increase
blood flow in the tendon. In regions where the tendons wrap around bony pulleys, blood
supply is largely reduced. Tendons also have nerve supply in various degrees [12].
4.5. Ligament
Ligaments can be defined as dense bands of collagenous fibers that span a joint and are
anchored to bone at either end [16]. Like tendon, ligament is made of dense connective tissue
consisting mainly of type I collagen. Some ligaments are located outside the joint cavity; others
are inside the joint cavity. Some ligaments are discrete structures that stand alone such as the
cruciate ligaments in the knee; some are regional thickenings of the joint capsule as a part of
the fibrous layer of the joint capsule. The primary function of ligaments is to provide passive
stability to a joint through a normal range of motion under an applied load. Bundles of collagen
fibrils form the majority of the ligament substance [17]. These fibrils are typically aligned in
the direction of tension applied to the ligament during normal joint motion.
The ligament-bone interface is a complex structure that has been described as two distinct
insertion types: direct and indirect. Direct insertion involves passage of a ligament directly
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into cortical bone. The superficial ligament collagen fibers merge with the fibrous layer of the
periosteum while the majority of the insertion consists of deeper fibers directly penetrating
the cortex [17]. These deep fibers pass through ligament substance, fibrocartilage, mineralized
fibrocartilage and finally into bone. This direct insertion typically occurs at a right angle to the
bone. In contrast, indirect insertions typically occur more obliquely. This type of insertion is
less common and usually involves a wide surface area of insertion along the bone surface as
opposed to directly into the cortex [17]. These insertions are believed to allow gradual
transmission of force between ligament and bone.
4.6. Subchondral bone
The bony component lying under (deep to) the calcified zone of the articular cartilage is called
subchondral bone, which can be separated into two distinct anatomic entities: subchondral
bone plate and subchondral trabecular bone.
The subchondral bone plate is the thin cortical lamella, lying parallel to and immediately under
the calcified cartilage. This cortical endplate is a penetrable structure and is invaded by
channels that provide a direct link between articular cartilage and subchondral trabecular
bone. A number of arterial and venous vessels, as well as nerves penetrate through the channels
and send tiny branches into calcified cartilage, communicating between the calcified cartilage
and the trabeculae bone [18-20].
Compared to the subchondral bone plate, the sunchondral trabecular bone is more porous and
metabolically active, containing blood vessels, sensory nerves, and bone marrow. It exerts
important shock-absorbing and supportive functions in normal joints and may also be
important for cartilage nutrient supply and metabolism [18,19].
Subchondral bone changes are important features of osteoarthritis (OA), suggesting that
subchondral bone plays a vital role in the pathogenesis of OA [21-23]. Bone marrow edema-
like lesions (BMELs), which are strongly associated with pain among patients with OA, are
frequently identified by magnetic resonance imaging (MRI) in patients with progressive OA.
BMELs are also observed in the healthy, asymptomatic population and predict an increased
risk of OA [24,25].
5. Conclusion
This chapter describes the classification of different types of joints based on their structural
and functional features. The anatomical and functional features of six different types of human
joints are demonstrated. Definitions and structures of specific joint tissues associated with the
function of joints such as the joint cartilage, synovial membrane, joint capsule, tendon,
ligament, ligament-bone interface, and subchondral bone are described in great detail. The
clinical relevance of specific joint structures to joint injury, joint instability, and the develop‐
ment of OA is discussed at both macro- and micro-anatomical levels.
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